).
Modification, or ICD-9-CM. Exclusion criteria included patients with history of hemorrhagic stroke; transfers from hospitals other than the treating facility; ICD-9-CM codes 873.0-873.9 (traumatic hemorrhage); patients with missing race, zip code, income, or poverty measures; patients not matched to treating hospitals; and subjects older than 100 years. The small group of patients older than 100 years was excluded to prevent any potential compromise in confidentiality, in accordance with the Medicare rule of not reporting data involving fewer than 11 subjects. This cohort was representative of elderly patients with hemorrhagic stroke, since most elderly patients in the United States receive coverage from Medicare.
Outcome Variables
The risk-adjusted primary outcome variables were (a) mean number of head 
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Advances in Knowledge n Hospitals throughout the United
States are characterized by different intensity of head CT scan use (up to sixfold variation) for similar patients with hemorrhagic stroke.
n These disparities persisted among the centers with the highest volume of hemorrhagic stroke, with risk-adjusted rates of conducting more than six head CT scans in 1 year ranging from 8.0% to 48.1%.
n A higher mean number of different physicians consulted was associated with increased highintensity use of head CT, both nationwide and among the highest-volume hospitals.
n There was no improvement in 1-year mortality for patients undergoing six or more head CT scans (odds ratio, 0.84; 95% confidence interval: 0.69, 1.02).
Implication for Patient Care
n Coordinated efforts are needed to minimize disparities in the use of head CT scans in patients with hemorrhagic stroke.
T here is growing concern over the potential health effects and rising costs attributed to excessive use of computed tomographic (CT) scans in the United States (1) . In light of these considerations, a substantial number of investigators in the literature are questioning the use of conducting multiple CT scans in various contexts, including the management of blunt trauma (2-5), seizures (6) , and chronic headaches (7) . It has been estimated (1) that 0.4% of all cancers nationally may be attributable to radiation from CT studies. Excess CT use also contributes to rising costs, with $14 billion spent on imaging in 2006 by Medicare alone (8) . These concerns helped catalyze the "Choosing Wisely" campaign (9) and the Centers for Medicare & Medicaid Services Hospital Quality Initiative (10) to measure and report on potentially avoidable CT use. Current efforts by Medicare (10) focus on the inefficient use of abdominal and thoracic CT studies, as well as head CT scans for sinus disease.
Little is known, however, about the magnitude of variations across hospitals in the avoidable use of CT scans or the underlying causes of overuse. Proposed explanations include defensive medicine, clinician uncertainty, consumer demand, financial incentives, and ownership of facilities (1, (11) (12) (13) (14) (15) . Some have also hypothesized that many repeat CT scans are performed because information from prior scans may be unavailable to a clinician at the time of care (1) . If this latter explanation were true, advances in technology, such as health information exchanges, or models of payment that encourage integration and coordination, such as Accountable Care Organizations (ACOs), might offer an approach to reducing overuse (16) .
This phenomenon can particularly be studied in patients with hemorrhagic stroke who undergo one or several head CT scans at baseline to guide diagnosis and surgical decision making. Potential overuse could expose this population to clinically significant radiation risks. In the current analysis, we studied a 2008-2009 cohort of Medicare fee-for-service patients with hemorrhagic stroke, with follow-up data running through 2010, to examine hospital-level variation in the use of head CT scans during the index hospital admission and the year after the stroke. We investigated the variability in head CT scan use for patients with hemorrhagic stroke in U.S. hospitals (including a subanalysis of the highest-volume hospitals with more than 50 cases of hemorrhagic stroke), its association with mortality, and the number of different physicians consulted.
Materials and Methods

Cohort
The study was approved by the Committee for the Protection of Human Subjects at Dartmouth College. We used data for Medicare beneficiaries aged 65 years and older who were enrolled in fee-for-service radiology.rsna.org n Radiology: Volume 275: Number 1-April 2015 CT scans conducted per patient over a 1-year period after admission for hemorrhagic stroke, where the date of admission is the first day of the 1-year period, and (b) high-intensity use of head CT over the same 1-year period. We defined high-intensity use of head CT as being higher than 1 standard deviation from the mean, which corresponded to six or more head CT scans conducted in the year after admission. The number of head CT scans was determined by identifying the appropriate Current Procedural Terminology codes on part B Medicare claims. These claims occur whether the patient is an inpatient or outpatient or in the postacute setting. The secondary outcome variable was risk-adjusted mortality in the year after admission.
Exposure Variables
Patient sex and age categories (65-69 years, 70-74 years, 75-79 years, 80-84 years, and 85-99 years) were created, as well as five ethnicity and race categories (Asian, black, Hispanic, Native American, and other, with white being the reference category). The enrollee's zip code was used to match the 2000 U.S. Census data on income and poverty level, which in turn was used to create quintiles of income (with an equal number of patients in every quintile). The actual poverty rate was included to reflect the differing distribution of income within the zip code.
Comorbidities, for which outcomes were adjusted (Table E1 [online]), included myocardial infarction, arrhythmia, congestive heart failure, hyperlipidemia, coagulopathy, hypertension, peripheral vascular disease, lung disease, diabetes, and chronic renal failure. These were used as individual variables, instead of already used comorbidity indexes, since they provide superior disease-specific risk adjustment. We additionally created a dummy variable for subarachnoid hemorrhage to control for hospitals treating a proportionally high number of patients with this condition, since the clinical course of patients with subarachnoid hemorrhage is different than that of the general hemorrhagic stroke population.
Hierarchical condition categories during the 6 months prior to admission were created on the basis of the SAS statistical package (SAS Institute, Cary, NC) code provided by the Centers for Medicare & Medicaid Services. The hierarchical condition categories reflect the diagnosis of diseases prior to admission and are highly predictive of mortality at the individual level. Their use in small-area analysis has been questioned in previous studies because regions with higher intensity of diagnostic testing tend to exhibit higher hierarchical condition category scores, even for patients with similar health status (17, 18) . This creates a bias toward finding that more intensive health care leads to better health outcomes (17, 19) . For the purpose of the analysis, hierarchical condition category scores were divided into quintiles, with an equal number of patients in every quintile.
We considered hospitals with patients admitted for hemorrhagic stroke during 2008-2009 as our basic unit of observation. We further investigated whether the disparities persisted among the highest-volume hospitals by selecting institutions with more than 50 hemorrhagic stroke cases. We analyzed this subgroup separately to investigate whether high-volume hospitals demonstrate the same variability patterns, because we expected a more homogeneous patient population to be treated at these hospitals.
We also investigated the association between number of physicians consulted and intensity of head CT use. The number of different physicians consulted within a year after admission for hemorrhagic stroke was determined by examining the National Provider Identifier numbers assigned to each physician on part B claims. To address concerns that this metric might be a proxy for sicker patients, we calculated the correlation index between 1-year mortality and the number of different physicians consulted during the same time. This value was 20.0086, which is essentially zero.
Statistical Analysis
A linear regression model with random hospital effects was used to estimate hospital-level risk-adjusted measures of average head CT scans and high-intensity use of head CT. Best linear unbiased prediction estimates for hospital-specific measures were estimated by using Stata 11 software ("xtmixed" command, with residuals specified with the "reffects" command; StataCorp, College Station, Tex) (20) . Best linear unbiased predictions shrink hospital-level estimates toward the mean, depending on sample sizes, and thus resemble empirical Bayes approaches but use sample-based estimates of error variances. A linear random-effects probability model (as opposed to a nonlinear model) was used to avoid computational instability.
We created scatterplots (and calculated Pearson r coefficients) to test whether our measure of fragmentation was correlated with risk-adjusted rates of high-intensity use of head CT at the hospital level. These are shown for all U.S. hospitals and separately for the hospitals with more than 50 hemorrhagic stroke cases.
To identify the association of highintensity use of head CT with mortality, we performed a separate logistic regression analysis at the level of the patient with hospital-specific random effects, with mortality within 1 year of admission being the dependent variable. High-intensity head CT use was a binary variable in this regression. The regression also included as independent variables all comorbidity and age adjustment variables discussed previously. This analysis was restricted to hospitals with at least 25 patients with hemorrhagic stroke.
In the sensitivity analysis, to avoid spurious associations between the exposure variable and the outcome variable-for example, patients who die within 3 days of admission are unlikely to undergo as many head CT scans as those surviving the entire year-we created measures of both mean number of head CT scans and high-intensity use of head CT at the hospital level among those who survived the entire year, again restricted to hospitals with at least 25 patients with stroke. We also used a measure of high-intensity use of head CT (six or more head CT scans) limited to those scans performed at the admitting hospital for the index admission. The results of these analyses were nearly identical to our primary analyses and are therefore not reported here. All probability values are the results of two-sided tests, and the level of significance was set at P , .05. SAS version 9.4 (SAS Institute) and Stata 11 software (StataCorp) were used for the analysis. (Fig E1 [online] , Table 1 ). The mean number of head CT scans in the year after admission for hemorrhagic stroke was 3.4 (95% confidence interval [CI]: 3.3, 3.5); the median was two (interquartile range, 1-4), while the mean 1-year mortality rate was 56.9% (95% CI: 56.0, 56.8). Figure 1 demonstrates the hospital-level variation of risk-adjusted high-intensity use of head CT (six or more head CT scans) in the 1st year after admission. The rate of high-intensity use of head CT ranged from 12.5% for the 10th percentile hospital to 25.3% for the 90th percentile hospital, with the highest rate of 48.1% for Temple University Hospital.
Considerable variation was shown among the hospitals with the highest volume of hemorrhagic stroke. As shown in Table 2 We found similar patterns of variability in high-intensity use of head CT limited to the cohort who survived the entire year, with a correlation coefficient of 0.89 (P , .01) with the entire cohort. We also considered the sensitivity of our results to using only the number of head CT scans performed during the initial index admission. While the fraction of patients who underwent six or more head CT scans was obviously lower (8737 patients [16.4%]), the rankings of the hospitals were similar.
Number of Different Physicians Consulted
Medicare enrollees visited a mean of 19 different physicians in the year after a hemorrhagic stroke, with variation across hospitals ranging from 12.8 to 28.1. The association between the mean number of physicians consulted and high-intensity use of head CT was positive and significant in the sample of 819 U.S. hospitals (Fig 2) with at least 25 patients with hemorrhagic stroke (overall r = 0.52, P , .01). There was also a strong positive association between the level of number of physicians consulted and the risk-adjusted rates of high-intensity head CT use among the highest-volume hospitals (r = 0.50, P , .01). (17), we also estimated the model without hierarchical condition categories measures (Table  E3 [online]), again failing to reject the null hypothesis (odds ratio, 1.06; 95% CI: 0.89, 1.27).
Discussion
In this retrospective study of Medicare enrollees, we demonstrated wide hospital-level variation in the rate of high-intensity use of head CT for patients with hemorrhagic stroke. High intensity was associated with higher numbers of different physicians treating each patient but was not associated with improved survival. These results underscore the importance of initiatives to monitor the overuse of expensive and potentially harmful imaging (9, 10) . This is of particular significance for our cohort of patients with hemorrhagic stroke who undergo multiple CT scans. Hospitals throughout the United States were characterized by different intensity of head CT scan use for similar patients. A sixfold variation in the use of intensive head CT scanning across hospitals was present, even after adjusting for differences in patient health status across hospitals and after shrinkage methods were used to reduce the degree of "overfitting" in regression analysis. These disparities persisted among the centers with the highest volume. In particular, patients with hemorrhagic stroke admitted at some hospitals underwent twice the number of head CT studies, on average, in comparison to other highly regarded institutions, such as University of California, San Francisco, and Mayo Clinic, highlighting the lack of universal practices with regard to CT use in this patient population.
The higher mean number of different physicians consulted was associated with increased high-intensity use of head CT, both nationwide and among the highest-volume hospitals. There can be various explanations for this association. Although our results were risk adjusted for several comorbidities, including hierarchical condition categories scores, there is a possibility that the care of sicker patients necessitated more consultations and eventually more head CT scans. Another plausible explanation would be the lack of coordinated care in the hospital systems with more physicians consulted, resulting in more head CT scans (21) . This is a challenge that has been identified as a driver of healthcare costs (22) . Whether the adoption of value-based payment models for services would improve coordination and minimize unnecessary diagnostic testing, however, is not yet known (22) .
Improving the continuity of care and minimizing the number of different physicians overseeing patient care is a recognized goal of several current healthcare reforms, such as ACOs. In the ACO setting, the healthcare providers within the ACO would be held accountable for the entire year of postdischarge services, such as head CT scans, regardless of which institution actually performs the services (23) . Hospitals (or ACOs) may be able to reduce the unnecessary use of postacute head CT scans by introducing case managers, discharge planning, electronic medical records, and evidencebased neurorehabilitation guidelines (24, 25) . O'Toole et al (24) have demonstrated that system fragmentation, gaps in human and financial resources, and complexity at the interorganizational and operational levels are common barriers for effective use of resources. A holistic approach to the patient with frequent postdischarge phone calls and home visits by the same group of physicians could minimize such fragmentation. Increased high-intensity use of head CT was not associated with lower mortality in the year after admission for hemorrhagic stroke, a result that is consistent with other studies that showed weak or insignificant associations between discretionary medical treatment intensity and health outcomes (26) (27) (28) . To address concerns that hierarchical condition categories tend to overadjust for risk in hospitals in which CT is used with higher intensity (17), we repeated the analysis without including the hierarchical condition categories as covariates. There was still no association of high-intensity head CT with mortality.
From a clinical perspective, it is important to recognize that this analysis does not address the question of how the amount of care for an individual patient in a specific case would affect the patient's clinical outcome. Nor does our study indicate whether it is possible to reduce overuse and spending. However, if the United States as a whole could safely achieve intensity levels comparable to those of the regions of lowest use, significant cost savings could potentially be realized. Further research is needed to investigate whether such an effect is possible.
The present study has several limitations. First, indication bias (a potential confusion between cause and effect when exposure is dependent on indication) and residual confounding (variables introducing bias that the current study could not control for) could account for some of the observed associations. In addition, coding inaccuracies can affect our estimates, although several reports have demonstrated that coding for hemorrhagic stroke has shown good association with medical record review (29, 30) . Second, our data are based on the Medicare population, with potentially different results for the commercially insured. Third, we were not able to test the hypothesis that local factors, such as the malpractice environment, affected the propensity to perform additional head CT scans. We found variation in use within cities or states, despite common state malpractice statutes.
Fourth, although using the number of different physicians consulted as a proxy for continuity of care is imperfect, it has been adapted from other prior studies (21, 31, 32) and appears to reflect the fundamental challenges of coordinating care across multiple physicians. Fifth, we cannot control perfectly for the severity of the hemorrhagic stroke, since measures such as the Glasgow Coma Scale and the National Institutes of Health stroke scale scores are not available. However, we have risk adjusted for socioeconomic factors that are associated with disease severity and for hierarchical condition categories that account for patient health status and are highly predictive of mortality. Despite this, we were still not able to examine the correlation of high-intensity use of head CT with improved neurologic function in 1 year and other functional outcomes. Sixth, we could not account for the proximity of the patient to a CT scanner while hospitalized or the overall use of that scanner. Finally, causality cannot easily be established on the basis of ecological data. Although the variation described here is strongly suggestive of the inefficient use of resources, it is challenging to predict the effect of different policy initiatives on usage patterns and continuity of care.
In conclusion, patients with hemorrhagic stroke frequently undergo several head CT scans as part of their diagnostic work-up and follow-up. Inefficient usage can have detrimental effects on population health and cost (33) . We demonstrated significant variability in the use of high-intensity head CT among all U.S. hospitals and among the highest-volume hospitals in hemorrhagic stroke cases. A higher mean number of different physicians consulted was positively associated with high-intensity use of head CT. Increased usage, however, did not correlate with improved mortality in our patient population. The fact that there is so much variation in highintensity use of head CT suggests a need for coordinated efforts to minimize disparities.
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